We present a new technique which allows the fully ab initio calculation of the chemical potential of a substitutional impurity in a high-temperature crystal, including harmonic and anharmonic lattice vibrations. It has long been recognised that the liquid outer core must contain a substantial fraction of light impurities, since its density is 6-10 % less than that estimated for pure liq- 
The thermodynamic stability of dissolved oxygen is governed by the free energy change in the reaction • 5 eV at the ICB pressure of 330 GPa), and concluded that the concentration of dissolved O in the inner core must be completely negligible. His argument has been widely cited. However, these were static, zero-temperature calculations, which entirely ignored entropic effects. We shall show here that the hightemperature entropy of dissolved O produces such a large reduction of free energy that Sherman's argument should be treated with caution when considering core temperatures. Our calculated Gibbs free energies AG for reaction (1) are displayed in Fig. i for the two temperatures 5000 and 7000 K. We note the very large entropic lowering of AG, which, at P = 330 GPa comes down from 4.7 to ca. 1.7 eV at the temperature T _ 6000 K expected at the ICB. This is still a substantial positive value, but implies that the stability-limit concentration ½max = exp(-AG/kBT) is ca. 3 mol %, which is far from negligible. In assessing our Cmax value, one should note the remaining uncertainties in our calculations. First, we have ignored anharmonicity in the pure Fe and Fee crystals. Our recent work on the effect of anharmonicity in pure Fe (Alf• et al. submitted) showed that at the melting point, anharmonicity can contribute as much as 70 meV/atom to the free energy; the same might be true of FeO. These effects could shift A(7 by perhaps 0.15 eV. Second, there is the question of strong electronic correlation in Fee, which is a prototypical Mott insulator at low pressures. Such correlation effects will be much weakened at Earth's core pressures, but could still shift AG by a few tenths of an eV. This means that our prediction for Cmax at a given temperature is probably not reliable to better than a factor of 3. We are therefore cautious about the detailed numerical value of Cn•x, and claim only that it could be a few mol % at ICB pressure and temperature.
In summary, we conclude that, because substitutional oxygen atom fits so loosely into the Fe lattice and has so much freedom of movement, it undergoes a very large entropic lowering of free energy at high temperatures, this lowering being as much as 3 eV at 6000 K and 330 GPa. The consequence is that substitutional e dissolved in h.c.p. Fe may be thermodynamically stabilised at concentrations up to a few mol %. Earlier ab initio calculations (Sherman 1995 ) which ignored entropic effects should therefore not be taken at face value. Finally, we point out that a wide range of geological problems depend on an understanding of chemical potentials-for example, all problems concerned with the partitioning of elements between coexisting phases. The ab initio techniques for calculating chemical potentials outlined here should therefore be of wide interest.
